Pulmonary arterial hypertension (PAH) is a serious, progressive, often fatal condition characterized by increased pulmonary artery pressure (PAP) and pulmonary vascular resistance (PVR) 1, 2 . Patients with PAH experience dyspnea and exercise limitation -and as right ventricular (RV) failure develops, edema, exertional chest pain, syncope, and increased risk of death. PAH is most commonly idiopathic (IPAH) or associated with an underlying connective tissue disease (CTD-PAH), such as scleroderma 1 . In both IPAH and CTD-PAH patients, median survival is less than 3 years in the absence of therapy 3, 4, 5 .
Research advances in our understanding of the pathobiology of PAH have led to the study, approval, and availability of many novel PAH-specific medications. These include prostanoid analogs (i.e., intravenous epoprostenol, subcutaneous/intravenous treprostinil), endothelin receptor antagonists (i.e., ambrisentan, bosentan), and phosphodiesterase type-5 inhibitors (i.e., sildenafil, tadalafil) 2, 6 .
What are the expectations of this array of therapies on the part of patients with PAH and their physicians? The published evidence, typically short-term, 3 to 4-month, randomized controlled trials of all these therapies, demonstrates benefit in both IPAH and CTD-PAH 7 . A majority of patients have small reductions in PAP and PVR, increased cardiac output, decreased symptoms, and increased exercise capacity, as measured by 6-minute walk test (6-MWT). New York Heart Association/World Health Organization (NYHA/WHO) functional class will improve in about one-third of patients, and objectively measured quality of life (QOL) may also improve 2, 6, 7 . A metaanalysis of published randomized controlled trials of PAH-specific therapies also confirmed a small, short-term survival benefit 7 .
Thus, based on the evidence, patients with PAH and their physicians expect symptomatic benefit and improved functional capacity, important components of improved QOL. However, in a progressive, fatal disease like PAH, short-term benefits are not enough; patients also expect longterm improvement in clinically significant outcomes, such as prolonged survival, and less need for intensification of therapy, including hospitalization or lung transplantation. The potential for longterm benefit of many current PAH-specific therapies with regard to functional capacity and NYHA/WHO class, and possibly even better survival, has been suggested by reports of open-label trials and clinical experience. However, as the prognosis for survival in an individual patient with PAH is difficult to predict, conclusions about improved survival with PAH-specific therapies are usually based on the natural history of untreated IPAH patients in the US National Institutes of Health (NIH) registry of 194 IPAH patients followed from 1981 to 1985 3 . The NIH registry identified 3 hemodynamic variables (mean PAP, right atrial pressure, and cardiac index) predictive of survival in multivariate analysis, and developed a survival predictive equation. This NIH survival equation has been widely used to estimate survival of IPAH patients in clinical practice and in clinical trials.
However, the NIH survival equation may not apply to IPAH patients in the current treatment era, because of recognized changes in demographics (e.g., generally older) and clinical characteristics (e.g., more comorbid illnesses) of contemporary IPAH patients, and potential effects of background therapies, such as diuretics and supplemental oxygen. Moreover, the NIH survival equation only ever applied to IPAH patients, providing no information on the longterm prognosis of other PAH patients, such as CTD-PAH.
Besides pulmonary hemodynamics, many other "surrogate" endpoints have been recognized as important prognostic factors in PAH. These include clinical features such as age, sex, type of PAH, and the degree of clinical limitaSee Effect of warfarin on survival in SSc-PAH and IPAH, page 462
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The Journal of on April 9, 2017 -Published by www.jrheum.org Downloaded from tion (e.g., NYHA/WHO functional class). Objective laboratory measurements also correlate with survival, including exercise capacity (e.g., 6-MWT), echocardiographic measures of RV dysfunction (e.g., Tei index, pericardial effusion), and plasma mediator levels (e.g., brain natriuretic peptide).
In an individual patient with PAH treated with a new PAH-specific medication, how do we assess whether expectations are met? Which of the broad panel of surrogate outcomes should be assessed to indicate improvement in the severity of PAH? Is a measurable change in a single endpoint (e.g., greater 6-MWT distance) enough to satisfy our expectations that a treatment is of benefit to the patient? Most important, do short-term improvements in surrogate outcomes reasonably provide expectations of better longterm clinical stability and survival? Although we do not have the answers to most of these questions, many new initiatives are addressing these and other fundamental questions in the clinical management of patients with PAH.
One such initiative is the REVEAL registry, a collaborative effort of 54 US PAH centers, which has enrolled almost 3000 PAH patients to better characterize clinical and treatment aspects of PAH patients in the modern era 8, 9 . In 2716 PAH patients followed over one year, 15 key demographic (e.g., age), clinical (e.g., type of PAH, NYHA/WHO functional class), hemodynamic (e.g., PVR), and laboratory (e.g., 6-MWT distance, brain natriuretic peptide) independent predictors of survival were identified in multivariable analysis 9 . The results emphasize the importance of using the full spectrum of available clinical data for the regular assessment of PAH patients, rather than relying on a single or a few parameters. Practically, a contemporary, multivariable, weighted prognostic equation was formulated for use during regular PAH patient evaluation in order to predict individual prognosis, and to allow individualization and optimization of treatment approaches.
As physicians, our expectations of the benefits of PAH medical therapies are presumably based on evidence, but personal experience and beliefs also may contribute. In this issue of The Journal, Johnson, et al surveyed a group of PAH experts and quantified their expectations of the survival benefit of warfarin 10 . They accomplished this through Bayesian inference, an analytic method that incorporates experts' beliefs about the effect of an intervention into models estimating treatment effect by expressing these beliefs as prior probability distributions.
Overall, PAH experts believed warfarin improved survival, but their expectation of survival benefit over 3 years was at best small (2% in scleroderma-PAH and 8% in IPAH). There was also considerable uncertainty in the expected magnitude of benefit. Strikingly, the expected benefit was much lower than the 20% survival benefit found in Johnson's metaanalysis of 4 published studies of warfarin therapy in IPAH, and the benefits reported in a previous qualitative systematic review of 7 observational studies 11 . Warfarin use has not specifically been studied in CTD-PAH or scleroderma-PAH, and thus, there are no data on the potential benefits, such as survival, of anticoagulation in scleroderma-PAH. Thus, our own expectations may not be consistent with published evidence. Indeed, despite the limited expectation of benefit, 84% of PAH experts surveyed admitted to routine use of anticoagulation in both IPAH and scleroderma-associated-PAH 10 . Similarly, 53.4% of 2716 PAH patients in the REVEAL registry were currently treated with warfarin, including 42.6% of CTD-PAH patients 8 .
Our expectations of the benefits of PAH-specific therapies in individual PAH patients also depend on other factors, including the type of PAH. Johnson, et al importantly highlight medical community uncertainty about the therapeutic approach to different types of PAH, specifically IPAH versus CTD-PAH 10 . In the REVEAL registry, CTD-PAH patients were older, more likely female, and more likely African American than IPAH patients 12 . Patients with CTD-PAH have more severe clinical disease than IPAH patients, characterized by more dyspnea, poorer functional capacity, and greater mortality despite less severe pulmonary hemodynamics and less echocardiographic RV dysfunction 4, 5, 8, 9, 13, 14 . The REVEAL registry specifically identified CTD-PAH as an important adverse prognostic factor, with a hazard ratio for death of 1.59 relative to IPAH 9 .
Despite expectations, surrogate endpoints may not be as prognostically useful in the assessment of CTD-PAH patients as in IPAH patients. The 6-MWT has not been specifically validated in CTD-PAH, and there are many potential confounding clinical factors in these patients that could affect both the results and the ability of the patient to perform the test. These include conditions associated with CTD, such as interstitial lung disease and musculoskeletal manifestations, as well as comorbid cardiac disease 15 . Several studies have reported lower 6-MWT distance in CTD-PAH compared to IPAH patients, despite less severe PAH by hemodynamic criteria 12, 13, 14 .
Finally, CTD-PAH patients often have a less favorable response to current PAH-specific therapies 4, 9, 16 . For example, patients with scleroderma-PAH treated with epoprostenol had more than twice the mortality rate of similarly treated patients with IPAH 16 . A possible explanation for the poorer outcomes in CTD-PAH patients may be less aggressive PAH treatment than IPAH patients, as shown in REVEAL 12 . CTD-PAH patients were less likely to be treated with prostacyclin and multiple PAH-specific therapies in "combination." Despite the recognized poor prognosis of patients with CTD-PAH, physicians' own negative expectations of less favorable responses to PAH therapies or increased risks of these complex, aggressive therapies may result in a hesitancy to initiate them.
Over the past 15 years, the expectations of PAH patients and their physicians have evolved dramatically. From a
